University of Texas at El Paso

DigitalCommons@UTEP
Open Access Theses & Dissertations

2015-01-01

Serine Palmitoyltransferase and Giardial
Encystation
Monica Delgado
University of Texas at El Paso, mdelgado7.md@gmail.com

Follow this and additional works at: https://digitalcommons.utep.edu/open_etd
Part of the Biology Commons, Parasitology Commons, and the Pathology Commons
Recommended Citation
Delgado, Monica, "Serine Palmitoyltransferase and Giardial Encystation" (2015). Open Access Theses & Dissertations. 1030.
https://digitalcommons.utep.edu/open_etd/1030

This is brought to you for free and open access by DigitalCommons@UTEP. It has been accepted for inclusion in Open Access Theses & Dissertations
by an authorized administrator of DigitalCommons@UTEP. For more information, please contact lweber@utep.edu.

SERINE PALMITOYLTRANSFERASE AND GIARDIAL ENCYSTATION

MONICA DELGADO, B.S.
Department of Biological Sciences

APPROVED:

Siddhartha Das, Ph.D., Chair

Rosa A. Maldonado, Ph.D.

Marian-Mihai Manciu, Ph.D.

Charles Ambler, Ph.D.
Dean of the Graduate School

Copyright ©

by
Monica Delgado
2015

Dedication

To my loving husband, Julio,
To my sweet brother and sister, Gavin and Ashley,
Especially dedicated to my father and mother, who had been a great example of perseverance
and determination, all my life.
You all are the “wind beneath my wings” and my most important motivation for shaping my
future.
--MD

SERINE PALMITOYLTRANSFERASE AND GIARDIAL ENCYSTATION

by

MONICA DELGADO, B.S.

THESIS

Presented to the Faculty of the Graduate School of
The University of Texas at El Paso
in Partial Fulfillment
of the Requirements
for the Degree of

MASTER OF SCIENCE

Department of Biological Sciences
THE UNIVERSITY OF TEXAS AT EL PASO
December 2015

Acknowledgements
I would like to express my most sincere appreciation to Dr. Sid Das for giving me with the
opportunity to continue with my education in the field of science. I have not words to describe
the great impact that Dr. Das has made in my professional career, since I started my studies at
UTEP. I am indebted to Dr. Das for his mentorship and support during undergraduate and
graduate years at UTEP. I am also grateful to my committee members; Dr. Rosa Maldonado and
Dr. Jose Nuñez for giving me guidance, suggestions and inspiration during the course of my
research. I would like to acknowledge Dr. Armando Varela for teaching me how to use the
confocal microscope. My gratitude extends to all the members of Dr. Das’s laboratory, including
Dr. Trevor Duarte, Dr. Tavis Mendez, and Dr. Atasi De Chatterjee for teaching me various
techniques and encouraging me to conduct my research for the past three years.

v

Abstract
Giardia lamblia is a flagellated protozoan parasite responsible for chronic diarrheal disease in
humans and animals. Giardia has minimal lipid synthesis machinery and the majority of its
lipids are obtained from the small intestine of humans where the trophozoites colonize. Recent
results from our laboratory indicate that sphingolipids (SLs) are also important for Giardia and
they regulate encystation and cyst production. Only five SL genes are present in this parasite and
they are differentially regulated during encystation. In my studies, I found that giardial serine
palmitoyltransferase (gSPT) activity is upregulated in encysting cells, suggesting it might play an
important role during encystation. Giardial SPT is encoded by two copies of genes (gspt-1 and
gspt-2-) and both are transcribed and expressed differentially during encystation. While the
transcripts of both genes are high in trophozoites, their levels are reduced in early encystation
and increases again in late encystating stages of Giardia, suggesting the importance of these
genes in regulating. The focus of the current research is to determine the mechanism by which
gSPT regulates encystation by Giardia. My hypothesis is that gSPT activity is upregulated in
Giardia cyst and knocking down of its gene expression will affect the formation of cyst.
To accomplish my goal, I proposed two Specific Aims: Specific Aim-1 will include measuring
the SPT activity throughout the life cycle of this parasite, while Specific Aim-2 will determine
whether the knocking down of this enzyme interferes with encystation and cyst production.
The results that had been generated from the current study should shed some light on the
possible role of SPT in regulating the growth and differentiation of Giardia. I propose that gSPT
should be considered as novel target for developing anti-giardia therapies in the future.
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Chapter 1: Introduction

Giardia lamblia is an anaerobic protozoan and one of the causative agents of parasitic diarrhea in
humans (Adam, 2001). Giardial infection can be asymptomatic or symptomatic. The symptoms
related to giardiasis are chronic or acute diarrhea, nausea, and weight loss, but asymptomatic
infections also occur frequently. The Giardia infective dose in humans is about 10–100 cysts.
Giardiasis cases are higher in children than adults (Lujan et el., 2011). According to the World
Health Organization, diarrhea is a major cause of death in children, with approximately 760,000
deaths each year. The infection by this parasite in children results in long-term health effects on
cognitive functioning and growth (Hollm-Delgado et al., 2008; Farthing et al., 1986). Giardia is
consists up of seven assemblages (A–G) in which A and B infect humans and C and D infect
dogs (Hopkins et al., 1997). Previous clinical outcomes show that Giardia is also the most
common parasitic disease in companion animals and is highly variable in both humans and pet
animals (Thompson et al., 1993).
Giardia exists in two morphologic forms; i.e., replicative trophozoites and relatively
dormant cysts (Fig. 1). Encystation, or cyst formation, is important for this flagellated protozoan
parasite to survive in the environment and for the spread of infection via contaminated food and
water. Cysts can survive for weeks to months in an open environment (Cacciò et al., 2005). It is
also considered a potential threat to the ecosystem because the cyst can infect wide varieties of
mammals, birds, and reptiles.
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A

B

Figure 1: Morphology of Giardia.
(A) Giardia trophozoites (active and replicative stage). (B) Giardia Cyst (relatively dormant
stage). VD, ventral disc; AF, anterior flagella; PF, posterior flagella; CW, cyst wall.

Giardiasis is initiated in the host when the cyst is ingested via contaminated water/food
and through fecal-oral contact. The dormant cyst survives various harsh conditions such as the
exposure of the acidic environment of the stomach, where it excysts into two replicative
trophozoites (Adam, 2001). Newly emerging trophozoites move down stream in the duodenum
with the flow of intestinal fluid and colonize there by attaching to the intestinal epithelial cells
the help of the ventral disk (VD). After exposure to the biliary fluid, trophozoites form cysts

2

(undergo encystation) in the jejunum, which are passed in the feces, thus enabling the 72-h
transmission completion of the Giardia life cycle (Adam, 2001; Thompson et al., 1993).

Figure 2: Lifecycle of Giardia lamblia.
(Adapted from CDC; www.cdc.gov)

1.1

Encystation and Excystation Cycle

G. lamblia exists in two morphological forms, i.e., infective trophozoites and transmissible
water-resistant cysts (Fig. 1). Infection is initiated when humans or mammals ingest the cysts
and as few as ten viable cysts are required to cause infection (Murray et al., 1994). Once cysts
3

infect the host, they are transformed to trophozoites in stomach (excystation) and finally move
down to the small intestine and colonize there. Slightly alkaline pH in the small intestine triggers
the second differentiation to cysts to trophozoites, which is known as encystation. Two binucleate trophozoites emerge from a single tetra-nucleate cyst during excystation or excystment
(Meyer and Schaefer, 1984). The cycle is completed when cysts are passed in the feces of
infected humans or animal and ingested by a new host (Gillin et al., 1996).
Although Giardia is a bona fide parasite, it has been classified as an early-divergent
eukaryote (Sogin et al., 1988). It lacks emblematic eukaryotic organelles and shares many
metabolic features common to bacteria (Upcroft and Upcroft, 1998). This parasite has no
nucleoli and peroxisomes. Even though the Golgi-like structures can be seen in both
morphological forms, they are more prominent in encysting trophozoites. It has been proposed
that Golgi-like membrane stacks are involved in modifying and transporting cyst-wall materials
during encystation (Reiner et al., 1990). Giardia has no mitochondria, although a recent report
suggests that mitocodrial remnant organelles or “mitosomes” are present in this waterborne
pathogen (Regoes et al., 2005). As an anaerobic (microaerotolerant) organism, it produces
energy via the fermentative pathway (Upcroft and Upcroft, 1998). Giardia has two characteristic
nuclei, which have similar quantities of DNA, are transcriptionally active, and replicate at nearly
the same time (Yu et al., 2002). In addition, this parasite possesses a well-developed
cytoskeleton and a structured endomembrane system characterized by a system of peripheral
vesicles adjacent to the plasma membrane (Elmendorf et al., 2003). These vesicles have been
suggested to correspond to an endosomal-lysosomal system as observed in more developed
eukaryotic organisms (Lanfredi-Rangel et al., 1998).
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1.2

Sphingolipids Novel Regulators of Giardial Encystation

My proposal is built on recent observations from our laboratory (Mendez et al., 2013) that
sphingolipid (SL) metabolism is linked to giardial encystation. A search of the Giardia genome
database (www.giardiaDB.org) reveals the presence of only three putative SL synthesis and two
putative SL metabolic genes (shown in blue) that express differentially in non-encysting and
encysting trophozoites (Fig. 3). It is not known if Giardia has the ability to carry out the steps
indicated by multiplication signs because the search (by BLASTP analysis) did not reveal any
significant matches of these genes with genes of other organisms. While the putative homologues
of giardial serine-palmitoyl transferase genes (gspt-1 and-2) express mostly in trophozoites,
ceramide-glucosyltransferase (gglct-1) and sphingomyelinase (gsmases) are transcribed in
encysting stages. To further elucidate that the expression of these genes are linked to giardial
biology, non-encysting and encysting cells were treated with L-cycloserine and D-threo-1phenyl-2-palmitoylamino-3-morpholino-1-propanol (PPMP), which inhibit the enzymatic
functions of serine-palmitoyltransferase (SPT) and glucosylceramide synthase (GlcT-1),
respectively. It was observed that L-cycloserine inhibited the endocytic uptake and
ER/perinuclear targeting of bodipy-ceramide and this could be reversed by 3-keto-sphinganine
(3KS), a product of SPT. Furthermore, the inhibition of giardial GlcT-1 by PPMP interferes with
cyst formation by affecting the expression of cyst wall proteins (CWP) transcripts, nuclear
division, or karyokinesis. The product (i.e., glucosylceramide or GlcCer) of this enzyme shows
characteristic localizations in non-encysting and encysting parasites and in water-resistant cysts.
For example, in non-encysting and encysting trophozoites, GlcCer is localized in the plasma
membrane and vesicle-like structures, respectively. In cysts, however, GlcCer is mostly
5

concentrated in the cell body (composed of nucleus and cytoplasm) but not in the cyst walls,
suggesting that GlcCer is required for the initiation/progression of encystation processes but does
not constitute the CWs (Hernandez et al., 2008).

Figure 3: Sphingolipids metabolic pathway in Giardia lamblia.

1.3

The focus of my thesis

As mentioned above, besides gGlcT1, Giardia also expresses gspt-1 and gspt-2 genes. Our
laboratory has previously shown that the gSPT enzyme regulates the endocytosis of ceramide,
which serves as a substrate for the gGlcT1 enzyme to produce GlcCer (Hernandez et al., 2008).
This phenomenon is important because Giardia is unable to synthesize its own ceramide de
novo. Additionally, I found that similar to gGlcT1, the activity of gSPT is also upregulated
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during encystation. Therefore, in this dissertation, I will focus mostly on gSPT function and how
it plays an important role during giardial encystation.

7

Chapter 2: Specific Aims
The overall goal of my project is to identify the mechanism by which the giardial serine
palmitoyltransferase (gSPT) enzyme regulates the growth and encystation of Giardia. I
hypothesize that the SPT, a rate-limiting enzyme of sphingolipid biosynthesis, plays an essential
role and interacts with other sphingolipid (SL) enzymes and drives the process of encystation and
cyst production. I propose that SPT could serve as a potential target for developing anti-giardial
therapy. To test my hypothesis, I propose two Specific Aims.
2.1

Specific Aim 1

Determine if serine-palmitoyltransferase (SPT) activity is altered during encystation
The objective of this aim is to measure gSPT activity in trophozoites, encysting cells, and cysts.
Green-fluorescence protein (GFP)-tagged SPT will be generated to examine the subcellular
localization of this protein in trophozoites, encysting cells and cysts.

2.2

Specific Aim 2

Determine whether gSPT is involved in the growth and encystation of Giardia.
The focus of this aim is to investigate if gSPT is also regulates the encystation and cyst production.
For this investigation, I will knockdown gSPT activity by using anti-gSPT oligonucleotide and
monitor the biogenesis of encystation-specific vesicles (ESVs) and cyst formation. The vesicle (ESV)
biogenesis will be monitored after labeling Giardia with cyst antibody followed by confocal
microscopy. Cyst morphology will be examined by microscopy and cell biology experiments.
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Chapter 3: Materials and Methods
3.1

Materials

Unless otherwise specified, all chemicals were purchased from Sigma-Aldrich Chemical Co. (St.
Louis, MO) and were of the highest available purity. Tetramethyl rhodamine (TMR)-conjugated
goat anti-mouse antibodies; 4' and 6-diamidino-2-phenylindole (DAPI) were purchased from
Invitrogen (Carlsbad, CA). Anti-giardial cyst and anti-AU1 antibodies (monoclonal) were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA) and Covance Laboratory (San Diego,
CA).

3.2

Trophozoites, encysting cells, and in vitro cysts

G. lamblia Trophozoites (strain WB, ATCC No. 30957) were cultivated using the method of
Diamond et al. (Diamond et al. 1978) and TYI-S-33 medium supplemented with 10% adult
bovine serum and 1% adult bovine bile (Keister, 1983). The antibiotic piperacillin (50 μg/ml)
was added during routine culture of the parasite (Gillin et al. 1989). Parasites were detached by
ice chilling and were harvested by centrifugation at 1,500 × g for 10 min at 4°C, which was
followed by washing and microscopic determination of the cell density using a hemocytometer.
In vitro encystation was carried out by the method of Gillin et al. (Gillin et al. 1989) by culturing
trophozoites in TYI-S-33 medium (pH 7.8) supplemented with bovine serum (10%, vol/vol),
lactic acid (5 mM), and porcine bile (250 mg/ml) for various times, as described below. In vitroderived, water-resistant cysts were generated by cultivating trophozoites in TYI-S-33 medium
(pH 7.8) supplemented with 10% bovine serum and bovine bile (high-bile medium) using the
protocol of Kane et al. (Kane et al. 1991). Encystation was carried out for 24 h, and cells were
isolated by centrifugation (1,500 × g for 5 min at 4°C), washed three times in cold distilled
water, and kept in water for 3 days in a refrigerator (4 °C). Water-resistant cysts were isolated by
centrifugation and used for the microscopic experiments.

9

3.3

Serine Palmitoyltransferase (SPT) enzyme assay

The activities were measured in cell-free extracts following a standard protocol (Ikushiro et al.
2008). The reaction was carried out by incubating cell extracts (pH 8.0) with palmitoyl-CoA,
pyridoxal phosphate, and [14C]-serine (1mM, ~100,000 CPM). The reaction was carried out for
5 hour at 37°C, and the product (3-keto-sphinganine or 3KS) was extracted first in CHCl3/MeOH
(1:2) before measuring the activity by radioactive counting. In a typical reaction, the counts in
blank tubes were between 50-80 cpm, where as in experimental tubes, counts were between 100200 cpm.
3.3

Generation of entry clones

The entire open reading frame (ORF) of SPT2 including 300 bp of 5’ UTR was amplified by
PCR using primers 5’-CACC CAC AGT TCT TTA CCC TCG TGC- 3’ and 5’-CGT CTT CTC
CCT TTC AGT CTC-3’. PCR product was cloned into the Gateway™ entry vector PENTRD/TOPO (Invitrogen) using ligation independent topoisomerase cloning.

The new plasmid

pENTR_SPT2 was then transformed into competent DH5α cells and plated onto LB plates
containing 100μg/ml kanamycin. Colonies were screened by PCR and positive colonies were
sequenced at the University of Texas-El Paso (UTEP) DNA core facility. The ABI Prism
BigDye Terminator v3.1 Cycling Sequencing Kit (Applied Biosystems, Carlsbad, CA) was used
to amplify the DNA with fluorescently labeled dideoxynucleotides. The sequencing reaction was
subsequently cleaned using Agencourt Clean SEQ (Beckman Coulter, Brea, CA).
3.4

Generation of SPT2 C-terminal GFP fusion expression vectors

Giardial expression plasmids were generated using the Invitrogen Gateway™ cloning system as
per manufacturer’s protocol. Briefly, pENTR_SPT2 was incubated overnight with pcGFP1Fpac
vector (a generous gift from Dr. Scott Dawson, UC Davis) at a 2:1 molar ratio in the presence of
LR clonase enzyme mix (Invitrogen). The resultant plasmid containing pSPT2GFPCpac was
transformed into competent DH5α cells and plated onto LB plates containing 100μg/ml
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ampicillin. Colonies were screened by PCR and positive colonies were sequenced as described
above.
3.5

Expression of SPT2: GFP fusion protein in G. lamblia

Approximately 1 x 107 Giardia trophozoites were placed in a 4-mm electroporation tube (Fisher
Biotech, Waltham, MA) in a 300-μl suspension of TYI-SS media where 10-20μg of the
pSPT2GFPCpac plasmid was added. Trophozoites were then transfected by electroporation on a
BioRad Gene Pulser X cell (BioRad, Hercules, CA) using the following parameters: 322 V, 500
μF, and ∞Ω resistance (4-mm cuvette). Cells were allowed to recuperate in media overnight,
followed by selection with 50μg/ml puromycin (Sigma Aldrich, St. Louis, MO). Stable
transfectant trophozoites expressing SPT2: GFP fusion was established within two weeks. GFP
expression and localization was determined in live cells using 488nm laser in a confocal
microscope (Carl Zeiss Laser Scanning Systems LSM 700), using the Zen 2009 software (Carl
Zeiss) for acquisition and image analysis.
3.6

Labeling with cyst antibody

To examine the transition from non-encysting to encysting, and water-resistant cysts (∼1 × 107
cells) were suspended in PBS and incubated for 15 min at 37°C in chamber slides. Cells were
then fixed with 4% paraformaldehyde (ethanol free) in PBS and blocked in 5% normal goat
serum for 1 h. Slides were washed three times and incubated overnight with 10 μg/ml anti-cyst
antibody diluted in 1% normal goat serum, which was followed by exposure to a donkey antimouse antibody (1:500) conjugated with TMR for 1 h at room temperature (Nimrichter et al.
2004). Cells were mounted with Prolong® Gold antifade reagent mixed with DAPI (Invitrogen).
Samples were analyzed in a confocal microscope (Carl Zeiss Laser Scanning Systems LSM 700),
using the Zen 2009 software (Carl Zeiss) for acquisition and image analysis.
3.7

Analysis of confocal images

The confocal images were analyzed using LSM 5 PASCAL-software version 3.2 (Zeiss). Cells
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were randomly selected from each slide and scanned twice using the same resolution, laser
power and detector-gain.
3.8

SPT 1 and 2 anti-sense morpholino oligonucleotide

Cultured Giardia trophozoites were harvested by centrifugation as described above. Parasites
were placed in a 4-mm electroporation tube (Fisher Biotech) in a 300-µl suspension of the media,
transfected with anti-SPT-1 (5’-TTAA ATG TCA GCG GAG AAC GGC ATC-3’) and SPT-2
(5’-GGAA CTT AGC ATA CAG CGA CAG CAT-3’) and scrambled (mismatch) anti-sense
morpholino oligonucleotides (custom ordered from Gene Tools, Inc., Philomath, OR) following
the protocol described previously by Mendez et al. (2013). gSPT knockdown trophozoites will
be resuspended in media and left to recover for 6 h before subjected to encystation and cyst
production.
3.9

Statistical analysis

All values were given as mean values ± S.D., and statistical analyses were generated using SAS
software

ver.

9.2

(SAS

Institute,

Cary,

NC)

and

Graphpad

QuickCalcs

(http://www.graphpad.com/quickcalcs/). Statistical values less than 0.01 were considered highly
significant, whereas values less than 0.05 were considered significant.
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Chapter 4: Results
4.1

Giardia synthesizes active serine-palmitoyltransferase (gSPT) enzyme

Our laboratory has reported earlier that gSPT transcripts are differentially regulated during
encystation (Hernandez et al., 2008); however it is not clear if active enzymes are synthesized
and modulated during encystation. Therefore, the activity of gSPT was measured in trophozoites,
and encysting cells (12 and 24h). In vitro encystation was carried out and cell extracts were used
to measure the gSPT enzyme activity following the method described previously by Ikushiro et
al. (2008) with some modifications. It was observed that gSPT specific activity in non-encysting
trophozoites is low, but increases in encysting cells and is highest in water-resistant cysts. These
results are interesting because it is possible that the increased gSPT activity could be linked to
the uptake of ceramide, SLs, and other lipids because this parasite is unable to synthesize its own
lipids de novo. Earlier studies from our laboratory showed that the modulation of giardial
glucosylceramide transferase (gGlcT1) activity alters lipid internalization and homeostasis in this
parasite.
Giardial SPT Activity in Non-encysting and
Encysting Trophozoites, and Cyst

Figure 4: SPT Enzyme activity in trophozoites, encysting and cyst Giardia cells.
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gSPT activity was measured in cell extracts using palmitoyl-CoA, pyridoxal phosphate, and
[14C]-serine (~170, 000 CPM) in the reaction. This reaction was incubated for 5 hours at 37 °C
and the product (3-keto-sphinganine) was extracted in CHCl3/MeOH (1:2), and then radioactive
counting was performed for analyzing the specific activity of the enzyme. The counts in blanks
tubes were around ~40 cpm and in experimental tubes counts were 3000-5000 CPM. The graph
shows that gSPT activity increases in 12h and 24 h encysting cells and in water-resistant cysts.
Yeast and E.invadens were used as positive controls.

4.2

Expression of gSPT2-GFP

To further demonstrate that Giardia expresses increased level of SPT during encystation, I have
generated a green fluorescence protein (GFP) tagged giardial serine palmitoyltransferase-2
(gSPT2-GFP) constructs and expressed in trophozoites to monitor how the expression level
changes during encystation. I used pcGFP1Fpac 2.0 plasmid (obtained from Dr. Scott Dawson of
UC-Davis) and the gspt2 open-reading frame (1641 bp) was inserted as shown in Fig. 5. The
new plasmid pcGFP-gspt2 was then transformed into competent (DH5a) cells, amplified,
isolated, and transfected in non-encysting Giardia trophozoites and cultured under puromycin
pressure (100 µg/ml). Stable transfectant trophozoites were then subjected to encystation for
three days before analysis by confocal microscopy. Fig. 6B demonstrates that gSPT2-GFP is
expressed in late encysting trophozoites (24 h) and in cysts and localized in the internal
structures of the cytoplasm. Interestingly, no gSPT2-GFP expression was observed in nonencysting trophozoites (Fig. 6A).
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Figure 5: Plasmid map.
(A) Original plasmid pcGFP1Fpac 2.0 obtained from Dr. Scott Dawson and gSPT2
gene (1641 bp) was inserted. (B) gSPT2-GFP construct with Ran promoter.
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Figure 6: SPT2-GFP expression in transfected Giardia cells.
Giardia trophozoites (A) and 24h encysting cells (B) were transfected with SPT2-GFP tag and
selected under puromycin pressure (200 µg/ml) before analyzing by confocal microscopy.
Trophozoites and 24h encysting cells were fixed with DAPI staining. (c, d) gSPT2-GFP
expression is localized in the entire body cell with a very low GFP expression. (b, c, d) cyst wall
completely formed. GFP expression is not uniform and shows somewhat cytoplasmic
localization. These images show that gSPT2-GFP expression is higher in encysting cells than in
trophozoites. The arrow indicates the internals structures of cytoplasm labeled with GFP and
arrowheads denote the cyst wall.
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4.3

In vitro encystation and cyst production

The early divergent protist Giardia lamblia is a unicellular parasite composed of both
prokaryotic and eukaryotic characteristics (Morrison et al., 2007). Giardia has four pairs of
flagella, two nuclei, a median body, no mitochondria, and it lack Golgi apparatus, but it secretes
Golgi like vesicles known as Encystation Specific Vesicles (ESVs) during the process of
encystation (Reiner et al., 1990). ESV transport proteins from the cell surface that later fuse with
the plasma membrane to form cyst-walls (Bittencourt-Silvestre et al., 2010). ESV biogenesis
occurs during the process of morphological change from trophozoites to cysts under the
stimulation of encystation. Previous studies had shown that during encystation, the flagella are
internalized and the ventral disk deforms causing the parasite inability to attach into the small
intestine (Lauwaet et al., 2007). In the current experiment, Giardia trophozoites were cultured in
encystation media for various time points before labeling with cyst antibody (1: 100 dilution)
followed by staining with TMR-conjugated rabbit anti-mouse (1: 2000 dilution) antibody.
Results show that encystation stimuli induce ESV biogenesis (Fig. 7b and c). Image analysis by
confocal microscopy further demonstrates that the shapes of trophozoites are altered during 12h
and 24h of post-encystation induction (Fig. 7). In 12h point time, encystation process shows that
Giardia keeps its trophozoite shape but the ventral disk starts disappearing and cell loses its
inability to attach (Fig. 7b). At 24h, ESV are more visible and the ventral disks are not present
(Fig. 7 A, B). During the cyst formation, four nuclei appear and ESVs fuse with the cyst wall
(Fig. 7d). The in vitro encystation described below is useful to study the role of SPT in giardial
encystation as described in Specific Aim-2.
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Figure 7: ESV formation of Giardia during growth and differentiation.
Confocal image (A) was labeled with DAPI to mark the nuclei (blue) in the four time points and
(B) was treated with cyst antibody to label ESV (Red) during encystation.

4.4

Anti-gSPT morpholino oligonucleotide and in vitro encystation

SPT catalyzes the synthesis of 3-keto-sphingosine (3KS), which is the first step in SL
biosynthesis as shown below:
Serine + Palmitoyl-CoA ---------------à 3 Keto-sphinganine

The SPT enzyme is synthesized by majority of eukaryotic cells, including Giardia. However,
giardial SPT, appears to be ancestral in nature and exhibit the monophyletic origin from
bacterial amino acyltransferases (Hernandez et al. 2008). Thus, identifying the function of this
SPT in Giardia is important and should shed a new light on the evolution of enzyme function. It
is also important to know how gSPT regulate the encystation and cyst production in Giardia. To
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address these questions, I determined whether serine-palmitoyltransferase (SPT) activity is
modulated during encystation. In my studies, I observed that Giardia expresses SPT enzyme
(gSPT), which is upregulated during encystation (Fig. 4). I repeated the experiments several
times to generate statistical significance results. Because I found that the gSPT activity increased
during encystation and that the modulation of its function (by knockdown) regulated ESV
biogenesis (Figs. 8a & 9), I tested whether gSPT activity is also important for maintaining the
cyst morphology.An attempt is made to measure the SPT activity in gSPT knockdown cells to
confirm its specificity. gSPT was knockdown using anti-sense morpholino oligonucleotides.
Because gSPT inhibition resulted in the decreased uptake of ceramide, and a non-specific
inhibitor (L-cycloserine) was used in past experiment (Hernandez et al., 2007); in my study, I
used molecular techniques to knockdown SPT in Giardia cells before monitoring the
encystation. Our laboratory routinely uses anti-sense morpholino oligonucleotides to knockdown
giardial genes as described above. Knockdown cells were subjected to encystation and cyst
production as described in Fig. 7. Recently, Mendez et al. (2013) reported that giardial
glucosylceramide transferase-1 (gGlcT1), an enzyme of sphingolipid biosynthesis, plays a key
role in encystation-specific vesicle (ESV) biogenesis and maintaining cyst viability. They found
that overexpression of this enzyme induced the formation of aggregated/enlarged ESVs and
generated clustered cysts with reduced viability. The silencing of gGlcT1 synthesis by anti-sense
morpholino oligonucleotide abolished ESV production and generated mostly non-viable cysts.
Interestingly, when gGlcT1-overexpressed Giardia was transfected with anti-gGlcT1
morpholino, the enzyme activity, vesicle biogenesis, and cyst viability returned to normal,
suggesting that the regulated expression of gGlcT1 is important for encystation and viable cyst
production (Mendez et al., 2013).
To further study the function of gSPT, I tested the hypothesis that gSPT and gGlcT1 interact
with each other to induce encystation. For this, gGlcT1 overexpressed cells were transfected with
anti-gSPT morpholino oligonucleotides and were subjected to encystation (Mendez et al., 2013).
Encystation was monitor by labeling ESVs and cysts with cyst antibody.
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Figure 8a & b

demonstrated that gSPT knockdown significant affects encystation by reducing the presence of
ESVs. I concluded that gSPT, like gGlcT1 is also involved in encystation (Fig. 8a & b). It is
anticipated that the knocking down of spt genes will affect the lipid profiles in Giardia. In this
study, I determined that gSPT regulates encystation in Giardia by interacting with gGlcT1
enzyme (Fig 8).

In this experiment trophozoites from different conditions, i.e. control and gSPT knockdown were
subjected to encystation for 24 h, and the cysts were isolated by centrifugation as described in
methods. Fig. 8C, panel c, shows control cysts that react with the cyst antibody, which labels the
oval shaped of the cyst wall. Results demonstrated significant changes in ESV expression in
gSPT knockdown cells (Fig. 8A). Cysts cells transfected with SPT morpholino appear to be
clustered have well formed thin cyst walls that react with the cyst antibody (Fig 8C).
Knockdown of gSPT also produces aggregated cysts; The 24 h encystation process, shown in
Fig. 8C, panel c and d demonstrates a decrease in reactivity to cyst antibody in cyst cells
transfected with SPT morpholino. The majority of these cyst-like structures exhibit reduced
reaction to anti-cyst antibody (Fig. 8d,f). In this experiment the morphology can possible
diminish the viability of the cell (Fig. 8C).
A)
A)

ESV Expression
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B)

Reduction of cyst wall thickness

C)

Figure 8: Effects of anti-gSPT morpholino on growth and replication of trophozoites.
Approximately 2x105 cells were inoculated into a 4ml tubes containing TYI-S-33 medium at pH
7.1. A) Trophozoites were allowed to grow for 24 h and were counted under the microscope.
Control and gSPT morpholino treated cells show a significant decrease in the expression of ESV
and wall thickness. B) Trophozoites were cultured for 24 h. Confocal image (panel A, B, C, D,
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E, F) was labeled with DAPI to mark the nuclei (blue) and treated with cyst antibody to label
ESV (Red) during encystation. C) ESV production after 24 h. was monitored in Morpholino
experiments. Panels: a, c, e- control, b- SPT-Morpholino in 24h encystation cells, d, f- SPTMorpholino in complete cyst. The analyses measured the perimeters and the areas of individual
ESVs by using Zeiss Zen 2009 confocal software. *, p < 0.05; **, p < 0.01.
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Chapter 5: Discussion
4.1 Proposed Model

Based on the results described above, I have proposed a hypothetical model describes how SL
metabolic gene regulates the ceramide uptake and in vitro encystation by Giardia. The model
proposes that gSPT enzymes, which catalyze the reaction between palmitoyl CoA and serine to
produce 3 keto-sphinganine regulates the ceramide uptake. It was proposed earlier that the
synthesis of 3 keto-sphinganine regulates ceramide uptake by the interaction of actin and other
mechanism (Hernandez et al. 2008). The activity of gSPT enzyme is located in the ER and
stimulated during encystation to facilitate the ceramide uptake because Giardia does not
synthesizes ceramide de novo neither its own lipids. Giardia obtains its ceramide from the
culture medium via clathrin-dependent endocytosis and gGlcT1uses that ceramide to synthesize
glucosylceramide (GlcCer) (Hernandez et al., 2008; Hernandez et al., 2007).

This newly

synthesized GlcCer then participates in ESV biogenesis and viable cyst production (Mendez et
al., 2013). When gSPT enzyme is knocked down, the ESVs production is inhibited; ESVs
synthesis may be altered and possible affect the overall lipid homeostasis of Giardia. The
inhibition of ESVs may be detrimental for cyst production and maintaining the cyst viability.

23

Figure 9: Model proposing the function of SPT in giardial encystation.
It is likely that the uptake of ceramide by regulation of SPT genes in trophozoites. During the
process of encystation GlcT1 is unregulated and catalyzes Glu-ceramide (GclCer); synthesized
GlcCer then participates in ESV biogenesis and viable cyst production. When gSPT enzyme is
knocked down, the ESVs production is inhibited.
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4.2 Conclusion and Future Directions
Giardia is a protozoan parasite that colonizes in the small intestine of the human and it is
exposed to dietary lipids. The intestinal lipids are a contributor to the growth and encystation
process of Giardia. This waterborne pathogen survives in harsh environment and infects new
hosts during the process of encystation and cyst formation. Current results described in this
dissertation suggest that the expression of SPT activity is involve in the process of encystation
similar to gGlcT1. However, the mechanism by which gSPTs and gGlcT1 interacts and drive the
process of encystation is not known.

Future directions of this project should be focused on determining the possible role of SPT in
lipid uptake and whether it maintains the overall lipid homeostasis in this organism. Several
studies published have provided evidence that interaction between SL biosynthesis enzymes and
other branches of lipid metabolic pathways are essential for maintaining a balance in lipid
homeostasis and that the alteration of these could lead to various metabolic disorders (Bektas et
al., 2010). This could also be true for SPT, and investigating this phenomenon in Giardia could
support the idea that the regulation of cellular lipid homeostasis by SLs is an ancient event and
that it evolved before the emergence of diverse and complex sets of lipid biosynthesis pathways
that are present in emblematic eukaryotic cells. It is also important to determine ceramide uptake
by labeling the control and knockdown cells with Bodipy-ceramide and analyzing the samples by
confocal microscopy (Carpenter & Cande, 2009). Lipid (phospholipid and SL) homeostasis of
anti-gspt morpholino-treated Giardia should be monitored using mass spectrometry (MS) and
other related methodologies.

To continue to determine whether gSPT1 or gSPT2 overexpression affects the lipid homeostasis,
an Epitope-tagged SPTs is necessary to overexpressed using suitable plasmids containing either
gspt-1 or gspt-2 inserts and will be expressed in trophozoites under selective antibiotic
(puromycin or neomycin) pressure. Control (transfected with empty plasmid) and overexpressed
25

trophozoites should be grown and analyzed by MS-MS and GC-MS analysis. It is anticipated
that gSPT-1 and gSPT-2 overexpression will also affect phospholipid, neutral lipid, and
sphingolipid profiles in Giardia. These studies will provide the opportunity to develop potential
therapies targeting sphingolipids in Giardia.
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